As elsewhere in the world, the loss of biodiversity in the Kingdom of Saudi Arabia is due above all to economic factors. This is especially true where low values are given to biodiversity and ecological functions such as rangeland and watershed protection, nutrient cycling, pollution control, soil formation and photosynthesis. The threats to ecosystem structure and function are basically the same as those which threaten species. In Saudi Arabia emphasis is given to in-situ conservation which aims to maintain and recover viable populations of wild species in nature within their known natural range. This is being achieved through a system of protected areas and captive breeding programmes.
Introduction
The Earth's genes, species, and ecosystems are the product of over 3000 million years of evolution, and are the basis for the survival for our species. Biological diversity-the measure of the variation in genes, species and ecosystems-is valuable because: E Future practical uses and values are unpredictable. E Variety is inherently interesting and more attractive. E Our understanding of ecosystems is insufficient to be certain of the impact of removing any single component.
The loss of biodiversity is due, above all, to economic factors, especially the low values given to biodiversity and ecological functions such as watershed protection, nutrient cycling, pollution control, soil formation, photosynthesis and evolution. It might be concluded that the major habitat changes and associated losses of biodiversity are the inevitable price we pay for progress as humans become an ever more dominant species. Society has cause for concern when habitats are degraded to the extent that productivity is lowered, especially when accompanied by species losses which can have ramifications on ecosystem functioning and food security.
The threats to ecosystem structure and function are basically the same as those which threaten species. However, biological resources are renewable and with the proper management can be restored. In Saudi Arabia emphasis is given to in-situ conservation which aims to maintain and recover viable populations of wild species in nature within their known natural ranges. This is being achieved through a system of protected areas and captive breeding programmes. This paper deals with the system followed by Saudi Arabia to protect and develop its biodiversity. An important component of the system was the establishment of the National Commission for Wildlife Conservation and Development (NCWCD). The NCWCD is committed to the establishment of protected areas follow a predetermined set of guidelines. These guidelines include parameters for the selection of candidate sites. After a proposed protected area has been accepted by the Board of Directors, a second set of guidelines, to ensure the protection of the wildlife (biodiversity) it harbours, comes into effect through management. A network of 15 protected areas that fulfill these prerequisites has been established to date. The system, however, also provides a legal framework to ensure the protection and wise use of the Kingdom's natural resources. An example is the law that regulates the hunting of wild animals outside protected areas. Another example is the Marine Resource and Fisheries Act, which regulates the use of these important resources.
While the ecological manifestations of environmental deterioration are plain, and technical solutions to these obvious signs of unsustainable development are available, lasting solutions are elusive. Analysis of the problem in Saudi Arabia indicates that, as said earlier, in common with many other countries, the misuse of renewable resources is primarily a product of inappropriate institutions for allocating and pricing resources. The sustainable flow of benefits from any natural ecosystem is regulated by two sets of factors:
E The level of harvest a system can support without being damaged. E The ability of social and economic institutions to control the harvest at sustainable levels.
Saudi Arabia realised during the 1970s that the present use of its natural ecosystems was degrading rangelands and woody vegetation, and posed a threat to the country's marine resources. Apart from a loss of species, there was a decline in the vigour and productivity of natural systems. A sound and properly managed system of protected areas was called for. It was hoped that this system would:
E Restore the biodiversity of the Kingdom of Saudi Arabia. E Ensure the protection of stocks of plants and animals of actual or potential value to agriculture, medicine and many other purposes. E Help the preservation of species and processes that underlies rural productivity, which can be used to restore productivity, in those places where it has been degraded by bad land use. E Rehabilitate game to levels where it can again be hunted on a sustainable basis.
However, it is also true that biodiversity is very much a cross-sectoral issue, and virtually all sectors have an interest in its conservation and the sustainable use of its components. These resources, and the diversity of the systems that support them, are therefore the essential foundation of sustainable development. Sustainable development involves a complex harmonization of social, economic and ecological processes so that: E Ecological systems remain sustainable, and options for future and perhaps better use of renewable resources are not foreclosed. E Social systems remain responsible for using the resources in a sustainable way that is socially beneficial and culturally acceptable. E The economic systems that link the social and ecological systems are viable, efficient and equitable.
With this in mind, the NCWCD is now involved in a process of actively building partnerships in both the public and the private sectors. The objectives are that, apart from its own system of protected areas, these partners will also accommodate the principle of wise and sustainable resources use.
Despite the oil reserves and industrial development, the inherent importance of the nation's natural resources has never been ignored. Earlier on, two governmental agencies, the Ministry for Agriculture and Water, and the Meteorological and Environmental Protection Agency (MEPA), were responsible for conservation issues. It became clear, however, that for the creation of a representative, well maintained system of protected areas, and to develop its renewable resources to benefit all its citizens, an organisation needed to be established with this objective as its principal mandate. In 1986, by Royal Decree M/22, the Kingdom of Saudi Arabia established the NCWCD.
One basic objective of a system plan for protected areas is to effectively protect, develop and maintain representative samples of the various biotopes in the country. In the past, protected areas elsewhere in the world were often created to protect spectacular or unique natural features. Now, with the expanded pragmatic role of conservation, protected areas are expected to support sustainable development. The selection of appropriate areas and the achievement of adequate coverage of protected areas, has therefore, become a much more objective process. Other things being equal, it is logical in selecting areas to ensure adequate coverage of widespread ecological biotopes and their elements in preference to small, less representative types.
Increasing the amount of land under a high level of protection needs to be a deliberate process of raising the level of coverage of the country's biological diversity according to a well considered set of priorities. In Saudi Arabia the following set of criteria are used:
E Representative coverage of the country's physiographic units, on the basis of reliable classifications. E Recognition of the need to protect adequate, suitable habitats for a number of key species including high-profile, flagship species, or those of special significance and to which the NCWCD's species conservation programme is heavily committed. E Adequate protection of habitats which are of key biological importance. E An equitable geographical spread of protected areas throughout the country to apportion the benefits of conservation as fairly as possible.
It is important to note that the long-term goal of conservation management efforts of the NCWCD is sustainable utilization, that is to say, resources are to be conserved and protected, not as an end in itself, but as a means to ensure that they will be available for use now and in the future. Unfortunately, particularly in the case of wildlife resources, the low densities of current populations mean that use must be restricted. Sustainable use is, in essence, the second phase in the conservation timetable. However, in Farasan, where natural resources have reached levels that allow use, the NCWCD is in the process of developing a management plan that will govern sustainable harvesting of wildlife resources.
In accordance with the definitions accepted by the Convention on Biological Diversity, protected area means a geographically defined area which is designated or regulated and managed to achieve specific conservation objectives. In-situ conservation means the conservation of ecosystems and natural habitats, and the maintenance and recovery of viable populations of species in their natural surroundings. Sustainable use means the use of the components of biological diversity in a way and at a rate that does not lead to the long-term decline of biological diversity, thereby maintaining its potential to meet the needs and aspirations of present and future generations.
Before the creation of the NCWCD, the Ministry of Agriculture and Water established the Asir National Park in 1981, while the island of Umm Al-Qamari had been given de facto protected area status in 1977. MEPA also made specific proposals to have certain marine and terrestrial areas protected. Based on these proposals and further surveys by the NCWCD, other sites have also been identified as possible marine and coastal protected areas. These areas were subjected to detailed analyses to determine their importance in terms of biological diversity. Accepting that the creation of a system of protected areas should follow a logical sequence, a process was evolved for setting priorities. The procedure involved groups of criteria divided into two sets: the natural values, which decide that merits of an area for protection, and the practical considerations, which determine whether this is feasible and, if so, the urgency for action. The natural criteria include species value, biomes, physiographic considerations, ecological processes and other aesthetic features; while the practical criteria are possible conflict (e.g. with grazing), local support, configuration (e.g. proximity to other sites) and the risk of degradation. Based on this set of criteria, a priority ranking has been allocated to each area, and to date 15 areas have already been approved by the Council of Ministers for protection (Table 1) .
A pragmatic, flexible approach was used when the five categories for protected areas used in Saudi Arabia were defined. Each category approximates several of the international categories originally adopted by the International Union for the Conservation of Nature (IUCN) (See Table 2 ). This approach anticipated the more streamlined system of classification that was later adopted by the IUCN.
Protected areas can only serve their purpose if they are managed correctly. Deciding on management objectives and how to achieve them were, and still are not easy tasks. The first is to demarcate the boundaries. If the protected area is not fenced, as is the case in all but one area in Saudi Arabia, the boundaries should be marked at frequent intervals. When this has been achieved the area becomes a legal entity, and meaningful management can commence. Staff are normally deployed in an area as soon as possible. Management actions normally evolve naturally and logically after the proclamation of an area. The documents and maps outlining the justification for the need for protection are used as baseline. This is transformed into a framework that becomes the initial management plan for the area. This set of preliminary management goals, in turn, gives direction to the staff on the ground and supports their actions with the force of the law.
It is important that the staff be fully briefed as to their responsibilities, as this ensures the management is an ongoing, hands-on operation. To develop an efficient and capable staff and ranger force, training receives much attention. Ongoing training of the ranger force is aimed at improving their ability to observe and report on the types of biological data required by conservation management and research staff, i.e. climatological data, condition of grazing areas, general condition of animals, animal movements and activity patterns, preferred ranges and food plants, reproductive activities, etc. Attention is also given to law enforcement, public relations work and the preparation of field reports. Training also focuses on practical issues such as vehicle maintenance, radio procedures, use of compasses, Global Positioning System (GPS) equipment, radio telemetric receivers, map reading, first aid and basic survival techniques.
A growing awareness of the vulnerability of parts ecosystems or individual species that have not yet been afforded the sanctuary of a protected area led to the creation of a cooperative ranger force in 1993. Suitable individuals from the local communities are identified and then, on a voluntary basis, employed to look after pockets of wildlife outside protected areas. This system is being implemented with the full cooperation of local officials and traditional leaders. Although the scheme is still in its infancy, with the growing awareness and enthusiasm of local communities, it promises to be a great success. Another example of local involvement is to be found in the Rub' Al-Khali (the Empty Quarter). During the ceremony in which Arabian oryx and gazelles were released by HRH Prince Sultan, the Second Deputy Premier, Minister of Defence and Aviation, and Inspector General, he also assembled 20 of the local Sheikhs into a council and made them responsible for the well being of the released wildlife. So far this scheme has also worked remarkably well.
In the process of development of a proteted area, much attention is given to the actual placing of service buildings and accommodation for the rangers. Where practicable, these are placed on the periphery of the protected area or just outside its limits. Care is taken that these buildings are aesthetically pleasing and create the minimum visual impact. Supervisors see to it that their field stations are kept neat and tidy. The main tasks to be accomplished in a particular protected area are decided upon annually. This eases budgeting, and the allocation of staff and resources. More importantly, it provides a measure against which to judge performance, especially regarding major developments or acquisitions, the achievements of routine activities such as patrol coverage, data collection and the maintenance of assets or the spending of funds allocated. Until recently, most of the NCWCD's research work focused on breeding programmes for endangered species. Successful breeding programmes have allowed the NCWCD to reintroduce species into several protected areas where these animals have managed to establish themselves as viable populations. The Arabian oryx has been released into two protected areas, namely Mahazat As-Sayd, where they now number almost 200, and 'Uruq Bani Ma' arid, where 60 individuals were reintroduced in 1995 and 1996. In Mahazat As-Sayd, the fourth generation has recently been born in the wild. Several calves have also been born this past season in 'Uruq Bani Ma' arid, bringing the population to 77. The reem gazelle has been reintroduced to Mahazat As-Sayd, 'Uruq Bani Ma' arid and Abu Ali on the Gulf. Reem are prolific breeders, and the population in Mahazat As-Sayd already numbers 600, while there are well over 200 in 'Uruq Bani Ma' arid. In the latter protected area, we have had only two breeding seasons since the reintroduction. The idmi gazelle has been introduced successfully in to the Ibex Reserve, Majami'Al-Habd and 'Uruq Bani Ma' arid. Ongoing monitoring and research programmes on these released mammals form a major part of the research activities by staff of the NCWCD and by visiting scientists.
The NCWCD is also involved in a very active avifaunal research and monitoring programme. Its houbara conservation programme has received international acclaim. Over the past six years, the captive breeding programme has outgrown its initial difficulties, and an ever-increasing number of birds are becoming available for release. The released birds are monitored to assess their success in adapting to the wild as well as in adapting to radiotelemetry. During the 1995 breeding season several chicks originally released into the Mahazat As-Sayd Protected Area bred and reared chicks in the wild. Another gratifying fact is that wild houbara seem to be attracted to the improved habitat and are also returning. Another elusive, rare bird, the Arabian bustard, is also receiving attention, as are raptors and avian scavengers. Several of these birds of prey are monitored annually to their summer range in the central Asian republics.
Wetlands only form an insignificant portion of the total surface area of Saudi Arabia. However, their importance, especially in a desert environment is not ignored. A project has been initiated to document the importance of Saudi Arabia's wetlands to the many species that annually migrate through the country. Intensive studies and bird ringing programmes have been initiated with sea birds on the offshore islands in the Arabian Gulf and Red Sea. Species nesting on the islands, e.g., several species of terns, cormorants and boobies, are the focal points of research projects.
Considering the size of the country and its biophysical diversity, the creation of a sound system of protected areas is a formidable task, all the more so as the system must suit Saudi Arabia's socioeconomic circumstances and be generally accepted, especially by the rural communities that have to bear the brunt of the hidden costs involved, e.g. the restriction of grazing rights. In the long term, therefore, its success will largely be measured against restored ecosystems and sustainable resource use, for the benefit of these rural communities.
